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(54) [ title of the Invention ] 
(57) [ Summary ] 

1 « — - — «* — - manufecnae of propylene 

oxide without co-products. 

oxygen, using » catalyst comprising a Group VTB metal from the penoo 
crystalline utanosilicate. 



[ Claims ] 

[ Claim 11 . . J t . . , 

A method for manufacturing propylene oxide, which is characterized by the fact 

that a reaction of propylene, hydrogen, and oxygen is brought about using a catalyst 
comprising a Group VTH metal from the periodic table and a crystalline titanosilicate. 

[ Detailed Description of the Invention ] 
[0001] 

( Field of Industrial Utilization ] 

The present invention concerns a method for manufacturing propylene oxide, 
which serves an important role industrially as a starting material for polypropylene 
glycol and the like. 

[0002] 

[ Prior Art ] . . 

Known methods for manufacturing propylene oxide include the chlorohydnn 
process, wherein calcium chloride is produced as a byproduct, the Halcon process, 
wherein t-butyl alcohol and styrene monomers are co-produced, and a peracetic acid 
process, in which acetic acid is co-produced* 

[ 0003 1 . . . 

A method wherein a hydroperoxide is used as an additional starting material and 

a crystalline titanosilicate is used as a catalyst is also known (see, for example, US 
Patent 4,833,260). 

[0004] 

[ Problems Which the Invention Is Intended to Solve ] 

However, in the above-mentioned chlorohydrin process, the chlorine was 
utilized inefficiently since dehydrccMorination with a lime emulsion was subsequently 
performed, and the large amounts of calcium chloride produced as a by-product 
required treatment. In the Halcon and peracetic add processes, an assured market for 
the large amounts of coproducts was required, and processes involving the use of 
hydroperoxides required equimoiar or greater amounts of high-cost- hydroperoxides, 
posing problems of economy^ 
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[0005] 

It was therefore desirable to develop a highly selective method for 
manufacturing epoxy compounds, which would not produce co-products and would not 
entail the use of high-cost hydroperoxides as starting materials. 

[0006] 

[ Means Used to Solve the Above-Mehtioned Problems ] 

As a result of painstaking research concerning the above, the inventors 
discovered that by bringing about a reaction of propylene, hydrogen, and oxygen using 
a catalyst comprising a Group VTH metal from the periodic table and a crystolline 
titanosiUcate, propylene oxide could be obtained with high selectivity, and thus arrived 
at the present invention. 

f 0007 1 

Specifically, the present invention offers a method for manufacturing propylene 
oxide, which is characterized by the fact that a 'reaction of propylene, hydrogen and 
oxygen is brought about using a catalyst comprising a Group VTH metal from the 
periodic table and a crystalline titanosiUcate. 

r oo08 1 

The method which pertains to the present invention will be described in further 
detail below. 

[ 0009 ] 

In the method which pertains to the present invention, a catalyst comprising a 
Group Vm metal from the periodic table and a crystalline titanosiUcate is used. The 
titanosilicate referred to here is obtained by substitution of a portion of the silicon 
which forms the crystal lattice of "Silicalite" (crystalline SiO, having a zeolite 
structure, developed by E. M. Flanigen (Nature, 271, 512 (1978)) mainly with 
titanium. Tne titanosilicate may be synthesized by any desired membd; an example of 
synthesis is disclosed in Japanese Laid-Open Patent Application 56-96720. Tne amount 
of titanium contained in said titanosilicate may be defined as the siUca/titama ratio 
(molar), and said silica/titania ratio should be a value of 5 to 200. If the titanium 
content is too low the activity of the catalyst will be insufficient; conversely, if it is too 
high the titanosilicate crystal structure will rupture; Components of the titanosilicate 
are not restricted to titanium; one or more additional elements such as boron, 
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aluminum, phosphorus. cnromiu*, manganese, iron, gallium, or zirconium 

may also be contained therein without ill effect. 

[ 0010 '"The prepared timnosiliba* may boused wimou. modification, or molded. I. is 
common » Z binder when preparing a moid* form; mere , « i n^coons 
retarding me type of bidder, which may be silica, alununa, or the like. 

10011 1 m e meihod which pertains to the present invention, a catalyst comprises a 
Gnju p vm metal front me periodic table and a crysmUine < - 

-2 me Group V* metals may be used as the above-menooned Group VfflmeaL 
^ll example include palladium, platinum, iridium, rhodium, rudtentum, and *e 
S? ^tfZ is partieularly desirable. The Group VIE meml may be supported on 
^c5t "d Josiiica^, or firs. ***** stiiea, alumina, or 
Z Z end men physically mixed with me titahosilica^ There 
restrictions regarding me starting material to be supported when 
vm metal; examples include palladium© chloride, tetmammmepalladtumOT 
„ 4d palLiumdl) aceMe when palladium is used. There are no resmcnons 
S£l S* for snorting these merals on me titanosilicate; an tmrnerston 
method or the like may be used. 

1 0012 L periodic .able Group VB meal content, with respect ^ 

should be 0.^ 10 wx% as meal a»ms. Efficacy wUl be 

Ms below 0.1 M, and amounts in excess of 10 wt* a« "J*""**" » 

economic smndpoint When me periodic mble Group vm ^ ****** 

*anosiliea.e using an immersion process, dte catalyst may ^^J^t 

nrior to use Belong may be performed under a stream of an men gas or an oxygen 

Ltion bu. bating a. 100 » 700'C for 30 minu.es to 24 hour, n. satisfccti^ Wh« 
auction is performed, mere are no particular resmcnons regardmg 
or me reduction temperature and duration as long as me meml component 
**~*2S mmperamrem 500'C for 30 minutes to 24 hours usutg hydrogen as 
a reducing agent is satisfactory. 



The prepared catalyst may be used without modification or by adding a diluent 
such as silica or alumina prior to use in reactions. The prepared Group VHI metal- 
supporting aolite catalyst may be reduced under a hydrogen<ontaining gas flow pnor 
to use in reactions. 

[ 0014 If necessary, a solvent may be used when brining about a reaction. Polar 
solvents such as water, alcohols having a carbon number of 6 or less, ketones, glycols, 
and carboxyiic acids may be used as solvents. 

[ 0015 The reaction process may be of a continuous flow, semi-batch, or batch type; a 
continuous flow process is preferable from a productivity standpoint. 

t 

[ 0016 The reaction temperature should be 0 to 150'C, and preferably 10 to 100'C If 
a solvent is to be used and the reaction temperature exceeds the boiling point of said 
solvent, the reaction may be brought about after pressurization. There are no particular 
restrictions regarding the reaction pressure, but it is ordinarily within the range of 
nonnal pressure to 200 atmospheres. 

f 0017 ] 

In the method which pertains to the present invention oxygen is used as one of 
the starting materials for the reaction. It is possible to use an oxygen-containmg gas 
such as air. 

There are no particular restrictions regarding the amounts of the several starting 
materials contained in the gas. [A mixture of] 10 to 50 vol* propylene <€*•>. 5 to 
40 vol* hydrogen (Hi), and 5 to 50 vol* oxygen (0*. for example, is possible. 
From the standpoint of safety, it is desirable for the contained amounts of the several 
starting materials to be outside of the explosive range. (The gasl.may be diluted with 
an inert gas such as hydrogen. 
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The amount of the catalyst used in the reaction may be determined on the baas 
of the ratio (molar) of At titanium within the titanosilieate to one of the starnng 
n^aU, propylcr-e, mat is supplied per unit of tithe; U is desirable to use an amount 
of the catalyst such that the utanium/propylene ratio is 0.00001 to 0.1. 

[ ^ The time required for the reaction may be determined on the basis of the gas 
[hourly] space velocity (the total volume of the OH,. 0*i to 
hour/unit of catalyst volume; hereinafter aborted as GHSV). A GHSV of 2000 to 
40,000 to- 1 (20*Q is satisfactory. 

[0021] 

r Merits of the Invention ] 

in the present invention, it is possible to obtain propylene oxtde wtth high 
selectivity wiAout coprdducts, and without the use of highest hydroperondes by 
"riding abou! a reaction of propylene, hydrogen and oxygen «JM|W 
comprising a Group VTH metal from the periodic table and a crystallite ritanosdrcate. 
and the invention is therefore highly significant to industry. 

[0022] 

' ^SSL*. wUl be described in further detail below through practical 
espies; however, these are intended merely to describe me present mvennon, wtoch 
is not limited to these practical examples. 

Practical Example 1 . u T ~ D 

A titanosilieate having a silica/titania ratio of 67 (as determined by ICP 
spectrometry) was prepared according to the method in Japanese ^-Open Patent 
SSwm^t tetraamminepalladiumOD chloride solution >^ 
tSTof -e palladium atoms reached 0, wt% with respe* to the ^ 
Jure was mixed by stirring for one hour, evaporated to dryness, and educed 
150-C under a dilute 5 % hydrogen gas flow for one hour to yield a catalyst. 
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[00231 



A normal pressure, liquid phase, contour How reaction device was used for 
the reaction. 



LO g of the catalyst was suspended to 60 mL 1-butyl alcohol and C^ a, 
and 0, sailed hereto a. 60, 40, and 40 mmol/hr respectively, and dduted wdh 
ntaogen so that GHSV was 7970 hr> (20'Q. The reaetioh temperature was 45 C. 

' ^ The reaction product was analyzed by gas chromatography. Results over a 
period from initiation of the reaction to 5 hours thereafter are shown ta Figtrre • 
Activity of the products at me fifth hour after mitiadon of the re*oon was 98.6* 
for propylene oxide and 1.4* for propane (CjHi). 

[ 0026 ] 

Practical Examples 2 and 3 s™A 1 

Reactions were brought abour by the same procedure as . Pncucal Example^ 1, 
with me exception thar OH., H„ and O. were suppUed in amounts of 60, 80, and *0 
ramdL an?60, 40 and 80 mmol/hr respectively. Results five hours after mrbao.on of 
the reactions are shown in Table 1. 

[0027] 
[Table 1] 





Starting Material Feed 
(mmol/hr) 


PO»> 
(mmol) 


Selecti 


vity(%) • 


C3H8 




PO») 


C 3 Hg 


Practical 
Example 2 


60 


80 


40 


0.67 


92.0 


8.0 


Practical 
Example 3 


LEZ 


1 40 


80 


1.83 


99.1 


0.9 



a >Propylene oxide 



with deception M c^lysBin which the weigh, of the pallium 

ST. ti^titnnosUieate were 2 and 5 «• redely were used. R«ults five 

hours after initiation of the reactions are shown in Table 2. 



[0028] 
[Table 2] 





SuppbnedPd 

(%) 


PO a > 
(mmol) 


Selectivity (%) 




C 3 Hg 


Practical 2 


0.45 


99.1 


0.9 


Practical 
Example 5 


\ 5 


0.37 


>99.9 

• 


tr. 



^Propylene oxide 



ftactol Examples 6 » „ to practical Example 1. 

Reactions were brought about by the same proccuui* 
wi* ihe exception that a titanosificae having a sUica/tiania ratio of 33 was u*d as the 
rlo^caTLpporting tbe palladium, and the reaction temperatures were * . 25 
XSTo ^respectively. Results five hours after initiation of the reacoons are 
shown in Table 3. 
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[0029] 
[ Table 3] 





ReacQQQ 
Tcmpcxaluze 

CO 


PO*> 

(mmol) 


Selectivity (%) 






Practical 
Example 6 


25 


1.51 


98.8 


12 


Practical 
Example 7 


45 


2.16 


98.8 


1.2 


Practical 
Example 8 


65 


1.37 


98.1 


1.9 


Practical 
Example 9 


82 


1.06 


98.3 


1.7 



^Propylene oxide 



Practical Example 10 . 1 

A reaction was brought about by the same procedure as in Practical Example 1, 
with the exception that a titanosilicate having a siHca/titania ratio of 33 was used as the 
titanosilicate supporting the palladium, and water was used as a reaction solvent. Five 
hours after initiation of the reaction, 1.56 mmol propylene oxide was obtained. 
Selectivity of the products at the fifth hour after initiation of the reaction was 99.8% 
for propylene oxide and 0.2% for propane. 

[0030J 

Practical Examples 11 and 12 

Reactions were brought about by the same procedure as in Practical Example 
^ith-theexception that catalysts in which titanosilicate having a sMca/titania ratio of 15 
supporting the metals palladium and platinum (supported % - 0.5 wt%), respectively, 
were used. Results five hours after initiation of the reactions are shown in Table 4. 



[0031 ] 
[Table4] 




wirh the exception M a pulverized mixture of 1 g of a 0.5 

21 c2n catalyst (manufactured by Nihon Engelhan.) reduced «* h W 

fcr one hour « 150-C and ! g of a titahosilica* having a 

used as the catalyst. Five hours after initiation of the reactrort, 1.36 mmol propytene 
^e HJed. Selectivity of the products a, Ute fifth hour aftex uuuauon of Ore 
reaction was 99.8% for propylene oxide and 0.2% for propane. 

( Brief Description of the Figures ) 

1 '^Figure 1 shows a graph describing Ute relationship between elapsed timeand 
propyll oxide production in the propy.ene epoxidation process of Practical Example 

1. 
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[ Figure 1 1 




Elapsed Time/far 



} 
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